Abstract The diagnosis of heart failure with preserved ejection fraction (HFPEF) remains on the basis of echocardiographic analyses at rest. However, some patients with HFPEF have symptoms such as dyspnea only during exercise. Accordingly, echocardiographic analyses at rest could be insufficiently sensitive to identify these patients. In line, recent studies demonstrated that in some patients with HFPEF left ventricular diastolic abnormalities occur only during exercise. This review discusses and analyzes the clinical relevance and evidence of using diastolic stress test echocardiography in patients with HFPEF.
Introduction
The diagnosis of heart failure with preserved ejection fraction (HFPEF) remains on the basis of echocardiographic analyses at rest. 1 However, some patients with HFPEF have symptoms such as dyspnea only during exercise. [2] [3] [4] Accordingly, noninvasive echocardiographic analyses at rest could be insufficiently sensitive to identify these patients. [5] [6] [7] [8] [9] In line, recent studies demonstrated that in some patients with HFPEF left ventricular diastolic abnormalities occur only during exercise. [10] [11] [12] This review discusses and analyzes the clinical relevance and evidence of using diastolic stress test echocardiography in patients with HFPEF.
Pathophysiological diastolic processes in HFPEF
Left ventricle (LV) diastolic dysfunction plays a key role in the pathophysiology of HFPEF, which is principally characterized by delayed myocardial relaxation and increased ventricular stiffness. [13] [14] [15] However, it remains poorly understood why some patients with diastolic dysfunction have symptoms of HF such as dyspnea, while others remain asymptomatic. Recent studies using invasive cardiac catheterization suggested that, unlike asymptomatic subjects, HFPEF patients have a significant increase of LV filling during exercise which leads to a rise of pulmonary capillary pressures and thereby, to the development of dyspnea. 10, 16, 17 Moreover, invasive exercise testing substantially improves prediction of long-term mortality in such patients. 18 Hence, one could expect that if in patients with HFPEF these important pathophysiological hemodynamic measurements could be reproducible during exercise using non-invasive techniques such as diastolic echocardiographic analyses (diastolic stress test), and it would be of great clinical and diagnostic relevance in the management of these patients. [19] [20] [21] 3. Echocardiography at rest in HFPEF Echocardiography at rest remains an important method to characterize the underlying functional and structural changes in HFPEF. Tissue-Doppler derived E/e 0 ratio stays as one of the cornerstones in the non-invasive evaluation of diastolic function at rest in these patients.
1, 23 The E/e 0 ratio P15 if using e 0 of septal site of the mitral annulus or P13 if using average values of septal and lateral site indicates accurately increased left ventricle end-diastolic pressure (LVEDP), whereas an E/e 0 value <8 indicates normal filling pressures. 1, 22, 23 It has been shown that E/e 0 > 15 may be able to provide stand-alone evidence of diastolic LV dysfunction without further need of serial noninvasive tests in HFPEF patients. 2, 22 However, many patients with signs and symptoms of HFPEF fall into the ''grey zone'' of key echocardiographic diagnostic parameters, such as E/e 0 = 8-15, and thus, other echocardiographic indices should be used.
1, 23 Hence, a technique that may accurately categorize these border-line patients with E/e 0 8-15 as truth HFPEF could be great importance in the clinical practice. 24 
Echocardiography during exercise -diastolic stress test in HFPEF
At the moment the diagnosis of HFPEF remains on the basis of echocardiographic analyses at rest.
1 However, some patients with HFPEF have symptoms such as dyspnea only during exercise.
2-4 Accordingly, non-invasive echocardiographic analyses at rest could be insufficiently sensitive to identify these patients. [5] [6] [7] [8] [9] In line, several studies demonstrated that in some patients with HFPEF LV diastolic abnormalities occur only during exercise. [10] [11] [12] In addition, Kitzman et al. showed that symptoms of primary diastolic dysfunction occur only during exertion because diastolic filling pressure is normal at rest and increases only with exertion. 25 Furthermore, Ha et al. in 45 patients with normal LVEF referred for evaluation of exertional dyspnea highlighted the importance of the diastolic stress test. 4 In this regard, the authors confirmed that diastolic stress echocardiography using supine bicycle exercise is technically feasible for demonstrating changes of E/e 0 ratio during exercise as a result of changes in exercise-induced diastolic filling pressures. 4 In agreement, Burgess et al. demonstrated that E/e 0 ratio correlates with invasively measured left ventricle diastolic pressure (LVDP) during exercise and approximately one-quarter of the patients manifested an elevated LV filling pressure only during exercise. 20 Moreover, it was found that even despite normal echocardiographic analyses at rest, patients with early-stage HFPEF may display hemodynamic abnormalities (elevated filling pressures) exclusively during exercise stress-test. 10 In such patients diastolic stress test can provide additional useful information (using the non-invasive estimation of LVEDP by the E/e 0 ratio) that might clarify the diagnosis of early-stage HFPEF 6, 20, 21, 26, 27 (Table 1 shows invasive diastolic stress-test studies in HFPEF). Measurement of E/e 0 during exercise is feasible and had been invasively validated for the estimation of raised LVEDP, with E/e 0 > 13 accurately identifying raised LVEDP (>15 mmHg). 19 ( Table 2 shows non-invasive diastolic stresstest studies in HFPEF.) It means that exercise echocardiography focusing on the evaluation of diastolic function may be the basic step for the diagnosis of HFPEF manifested only during exercise. 28 Several studies showed that the pathophysiology of HFPEF is a complex process involving not only worsening of relaxation and an increase in myocardial stiffness but also abnormalities in longitudinal systolic function. 11, 12, 29 Therefore in last years there is growing evidence that the diastolic stress test with myocardial deformation analysis can provide important diagnostic findings that can be helpful in the management of patients presenting with dyspnea of an unclear etiology or suspected HFPEF. 11, 30 In this regard, Tan et al. demonstrated that HFPEF patients have a combination of systolic and 9.4 ± 4.1 fi 22.9 ± 7.4 mmHg Differences were considered statistically significant when P < 0.05. E/e 0 : ratio of early transmitral flow velocity to early diastolic mitral annulus velocity, HFPEF: heart failure preserved ejection fraction, HFNEF: heart failure normal ejection fraction, IC: inclusion criteria, EC: exclusion criteria, Pts: patients, CAD: coronary artery disease, n.d: no date, PAWP: pulmonary artery wedge pressure, PCWP: pulmonary capillary wedge pressure, COPD: chronic obstructive lung disease, LV: left ventricle, LVDP: left ventricle diastolic pressure, LVDEP: left ventricle end-diastolic pressure, SR: sinus rhythm, HF: heart failure, LVEF: left ventricle ejection fraction, CMP: cardiomyopathies, VHD: valvular heart disease, HTN: hypertension, PAP: pulmonary artery pressure, PM: pacemaker, ACS: acute coronary syndrome, NCD: noncardiac dyspnea. (1) DFRI < 13.5 (n = 64) CAD: all have negative stress-echo, myocardial perfusion scan or exercise ECG #p = 0.28 between peak exercise E/e 0 in HFPEF and controls 9 Tan Differences were considered statistically significant when P < 0.05. E/e 0 : ratio of early transmitral flow velocity to early diastolic mitral annulus velocity, HFPEF: heart failure preserved ejection fraction, HFNEF: heart failure normal ejection fraction, IC: inclusion criteria, EC: exclusion criteria, Pts: patients, CAD: coronary artery disease, n.d: no date, PAWP: pulmonary artery wedge pressure, COPD: chronic obstructive lung disease, LV: left ventricle, SR: sinus rhythm, LVDP: left ventricle diastolic pressure, LBBB: left bundle branch block, ECG: electrocardiogram, PCWP: pulmonary capillary wedge pressure, ACS: acute coronary syndrome, CMP: cardiomyopathies, VHD: valvular heart disease, PM: pacemaker, ICD: implantable cardiac defibrillators, LVH: left ventricle hypertrophy, BP: blood pressure, AF: atrial fibrillation, HR: heart rate, MI: myocardial infarction, NCD: noncardiac dyspnea.
diastolic abnormalities of ventricular function that is more obvious on exercise than at rest and that includes reduced myocardial systolic strain, rotation, LV suction, longitudinal (annular) function, and delayed untwisting. 11 
Future considerations concerning to diastolic stress test in HFPEF
At the moment there is no defined protocol how the stress-test should be performed. The methodological approach during diastolic stress test is less standardized and issues remain on feasibility, accuracy and prognostic value. 24 Recently, Erdei et al. have shown a lack of consensus concerning the specific diagnostic objectives of diastolic stress test, the optimal diagnostic targets, and the methods that should be employed. 32 In addition, the authors evidenced that there is no agreement concerning diagnostic criteria that could correlate with responses to targeted treatment. 32 Therefore, we consider that in order to establish the usefulness of diastolic stress test in HFPEF, new expert consensus or guidelines should standardize the protocol of diastolic stress test in these patients.
Clinical perspectives and conclusion
The diagnostic of HFPEF remains considered on echocardiographic resting examinations. However, some patients with HFPEF have symptoms such as dyspnea only during exercise. Accordingly, LV echocardiographic analyses at rest could be insufficiently sensitive to identify these patients. In line, recent studies demonstrated that LV diastolic abnormalities and elevation of LV filling pressures with consequent dyspnea occur only during exercise in some patients with HFPEF. Noninvasive diastolic stress test showing LV diastolic changes only during exercise has demonstrated to be of great importance in diagnosis and management of these patients. Nonetheless, large studies are needed to validate the role of diastolic stress test in HFPEF.
